1. Introduction {#sec1-nanomaterials-08-00202}
===============

Cancer is a malignant tumor with a high mortality rate, and many people die from various types of cancers every year in the world. In 2015, the World Health Organization report ranked the top five most common cancer deaths across the world, including lung cancer, liver cancer, colorectal cancer, stomach cancer, and breast cancer ([Figure 1](#nanomaterials-08-00202-f001){ref-type="fig"}). In 2015, 1.69 million people died of lung cancer in the world. Breast cancer is more common in women, and 571,000 people, including men, died of breast cancer in 2015. Furthermore, lung cancer, liver cancer, and breast cancer are highly fatal and easily overlooked.

Based on the differences in growth and spread of cancer cells, lung cancers are divided into small cell lung cancer and non-small cell lung cancer. Breast cancer is a serious malignant tumor that threatens the health of women \[[@B2-nanomaterials-08-00202]\], and there are more than 6 million breast cancer patients worldwide currently. Liver cancers consist of primary liver cancer and secondary liver cancer, which are highly aggressive. The treatment of these cancers puts patients under tremendous financial and psychological stress, and early diagnosis can help patients recover quicker and ease their burdens.

For these cancers, diagnostic techniques mainly include computed tomography (CT), magnetic resonance imaging (MRI), positron emission computed tomography (PET), color Doppler ultrasound imaging (CDI), and biochemical indicators, but their poor sensitivity and accuracy limits their use in early diagnosis of cancer. For instance, PET relies on an efficient radioactive substance, and testing costs are very high, which hinder its wide use. PET/CT has relatively high specificity and accuracy for lung cancer imaging compared with PET alone, and has additional value in detecting extrathoracic metastasis, such as metastasis in the liver \[[@B3-nanomaterials-08-00202],[@B4-nanomaterials-08-00202]\]. Barabasch et al. investigated the accuracy of diffusion-weighted magnetic resonance imaging (DWI-MRI) and PET/CT, and concluded that DWI-MRI appeared to be superior to PET/CT for early assessment of treatment response in patients with hepatic metastases of common solid tumors. DWI-MRI accurately predicts response before changes of tumor size or contrast enhancement are observable on contemporary cross-sectional imaging, such as contrast-enhanced MRI or CT. It may therefore be useful to guide treatment decisions in patients undergoing lobar Y90-radioembolization \[[@B5-nanomaterials-08-00202]\]. Concurrently, cancer therapy can be approximately segmented into two categories: surgery and non-surgery. Surgical excision is limited by the size of tumors and the invasion of metastasis to adjacent tissues and organs \[[@B6-nanomaterials-08-00202]\]. Non-surgical treatment of cancers mainly includes radiotherapy and chemotherapy. Many systemic and genotoxic chemotherapies have debilitating side effects, including chemoresistance, and also induce cellular senescence in normal tissues \[[@B7-nanomaterials-08-00202],[@B8-nanomaterials-08-00202]\]. Thus, there are still many challenges in the early diagnosis and treatment of cancers.

Challenges often mean new opportunities, especially with the advent of nanomedicine. A novel aptameric nanobiosensor based on a self-assembled DNA-MoS~2~ nanosheet architecture shows high sensitivity and rapid response for biomolecule detection \[[@B9-nanomaterials-08-00202]\]. Nanofluidics is a strong candidate for sample processing, especially for trace samples \[[@B10-nanomaterials-08-00202]\]. The nanoparticles applied in the early diagnosis and treatment of cancers are also an integral part of nanomedicine.

Nanoparticles refer to particles with a size between 1 and 100 nm, both for atypical microscopic and macroscopic systems, and some nanoparticles, such as quantum dots, magnetic nanoparticles, and gold nanoparticles, are widely used in biomedicine fields. Quantum dots are very small semiconductor particles; many types of quantum dots emit light of specific frequencies if electricity or light is applied to them, and these frequencies can be precisely tuned by changing the dots' size. Magnetic nanoparticles have showed a promise in biomedical applications, such as magnetic hyperthermia and photothermal bimodal treatment \[[@B11-nanomaterials-08-00202]\], enhancing MRI, and improving the delivery efficiency of drugs \[[@B12-nanomaterials-08-00202]\]. As a noble metal, gold nanoparticles promote the scattering and absorption of light at resonant wavelengths \[[@B13-nanomaterials-08-00202]\]. This property can improve our understanding of the short range dependence of the adsorbate-induced localized surface plasmon resonance peak shift on nanoparticle structure and composition reported here, which will translate to significant improvements in the sensitivity of refractive-index-based nanoparticle nanosensors \[[@B14-nanomaterials-08-00202]\] and easy surface modification for improving the diagnosis and treatment of cancer. Owing to the amenability of the synthesis and functionalization of gold nanoparticles, their exploitation is prevalent in medicine \[[@B15-nanomaterials-08-00202]\]. Additionally, dispersion or aggregation of gold nanoparticles will display different colors, which is convenient for a readout without any specialized equipment \[[@B16-nanomaterials-08-00202]\]. However, there is no comprehensive overview of the application of nanoparticles in the early diagnosis and treatment of the three common cancers. Therefore, this review focuses on the most recent development and application of nanoparticles, mainly quantum dots, magnetic nanoparticles, and gold nanoparticles, in the early diagnosis and treatment of lung cancer, liver cancer, and breast cancer.

2. Strategies with Nanoparticles for Early Diagnosis of the Three Common Cancers {#sec2-nanomaterials-08-00202}
================================================================================

Over the years, the increasing number of cancer patients worldwide has put tremendous economic pressure on both countries and individuals. Less-developed countries currently account for about 57% of cases and 65% of cancer deaths in the world \[[@B17-nanomaterials-08-00202]\]. Therefore, except for the active and necessary prevention, early diagnosis is also very crucial. In order to improve the early diagnosis of lung cancer, liver cancer, and breast cancer, some new advances have been made using the unique properties of quantum dots, magnetic nanoparticles, and gold nanoparticles.

2.1. Detecting Cancer Biomarkers {#sec2dot1-nanomaterials-08-00202}
--------------------------------

Cancer biomarkers refer to substances produced directly by tumor cells or induced by tumor cells from non-tumor cells. Through the detection of these biomarkers, the presence and prognosis of the tumor can be judged ([Table 1](#nanomaterials-08-00202-t001){ref-type="table"}).

### 2.1.1. Nanoprobe and Biosensor {#sec2dot1dot1-nanomaterials-08-00202}

A nanoprobe is an optical device for spotting very small substances that can respond to the presence of chemical species or monitor physical parameters and could be used for the non-invasive diagnosis of cancer. Quantum dots are common nanoprobes with several outstanding features, such as quantum confinement effects, an extremely narrow emission spectrum, high brightness, and good resistance to fluorescence quenching \[[@B26-nanomaterials-08-00202],[@B27-nanomaterials-08-00202]\]. The next-generation nanoprobes are supposed to be stable, highly specific, and ultrasmall in early cancer diagnostic platforms \[[@B28-nanomaterials-08-00202]\]. A nanoprobe engineered through oriented conjugation of quantum dots with single-domain antibodies showed an advantage for cancer biomarkers detection, and it had a hydrodynamic diameter below 12 nm \[[@B29-nanomaterials-08-00202]\]. By quantum dot-tagged cancer cells and multifunctional quantum dot probes, Bertolini et al. achieved sensitive and multicolor fluorescence imaging of cancer cells in vivo \[[@B30-nanomaterials-08-00202]\]. Besides this, Yao et al. fabricated magnetofluorescent carbon quantum dots (MFCQDs) using a combination of waste crab shell and transition-metal ions Gd^3+^, Mn^2+^, and Eu^3+^ as potential diagnostic probes, from which the chitin acted not only as a carbon source but also as a chelating ligand to form complexes with transition-metal ions \[[@B31-nanomaterials-08-00202]\]. For safety and environmental protection, it is essential to reduce toxic heavy metal use for quantum dots \[[@B32-nanomaterials-08-00202]\]. When a small part of the quantum dots does not accumulate at the tumor site, the membrane-impermeable etchant can rapidly quench the quantum dots and acquire highly tumor-specific signals through cation exchange in vivo \[[@B33-nanomaterials-08-00202]\]. Furthermore, near-infrared ray (NIR) bioprobes may be applied, and the optimal NIR bioprobes must possess emission color tenability, a large Stokes shift, high photo-stability, and multimodal detection \[[@B34-nanomaterials-08-00202]\].

A biosensor is an instrument that is sensitive to biological substances and converts their concentrations into electrical signals for detection. Gold nanoparticles equipped with effective fluorescence quenching can detect specific molecular biomarkers. DNA biosensors based on gold-nanoparticles-modified graphene oxide were constructed to detect two biomarkers, human epidermal growth factor receptor-2 (HER2) and the cell surface protein CD24, of breast cancer. Using amperometric detection of a horse radish peroxidase label, detection limits of 0.16 and 0.23 nM were obtained with a sensitivity of 378 and 219 nA/nM for HER2 and CD24, respectively \[[@B35-nanomaterials-08-00202]\]. In addition, electrogenerated chemiluminescence detection of DNA with gold nanoparticles may also be a selected strategy to improve the diagnosis of cancer \[[@B36-nanomaterials-08-00202]\]. Recently, it was reported that Castro-Beltrán et al. sought out a way to perfect frequency comb construction through adding gold nanoparticles to the microlaser element, which took up less space and required about 1000 times less power than current comb technology \[[@B37-nanomaterials-08-00202]\]. This biosensor shows promise to become a biochemical detector for the early diagnosis of cancer.

### 2.1.2. Microarray {#sec2dot1dot2-nanomaterials-08-00202}

A microarray is a convoluted lab-on-a-chip for sample detection, and it is usually built on a solid substrate (glass slide, silicon slide). In general, types of microarrays include DNA microarrays, protein microarrays, peptide microarrays, and antibody microarrays. α-1-microglobulin/bikunin precursor (AMBP), peroxiredoxin 2 (PRDX2), and Parkinson's disease protein 7 (PARK7) are three protein markers associated with lung cancers. Bilan et al. researched a quantum-dot-based suspension microarray for multiplexed analysis of the three proteins with an obvious distinction between the control and clinical samples \[[@B38-nanomaterials-08-00202]\]. Circulating microRNAs may be potential noninvasive biomarkers for cancer detection. In clinical trials, Li et al. utilized a nano-quantum dots microarray to test serum samples from non-small cell lung cancer patients, and found that some serum miRNA were significantly different from the control, such as smiR-16-5p and miR-17b-5p \[[@B39-nanomaterials-08-00202]\].

### 2.1.3. Quantum Dots Enhancing Technique {#sec2dot1dot3-nanomaterials-08-00202}

Trastuzumab is a humanized monoclonal antibody against HER2 expression in breast cancer patients. Immunohistochemistry with 3,3′-diaminobenzidine (IHC-DAB) is applied to analyse the enzymatic activity of horseradish peroxidase, but it cannot be quantitative. Hence, a developed immunohistochemistry (IHC) technique with quantum dots-conjugated trastuzumab using single-particle imaging has been discovered to measure the HER2 expression \[[@B40-nanomaterials-08-00202]\]. Hybridization chain reaction (HCR) is a desirable method for signal amplification, and a simple quantum dots-Ru complex assembling dyads based on HCR showed higher sensitivity in cancer cell detection and cellular imaging and provided more reliable test results \[[@B41-nanomaterials-08-00202]\].

2.2. Tissue Imaging {#sec2dot2-nanomaterials-08-00202}
-------------------

Clear depictions of tumor boundaries allow for accurate judgments of tumor distribution and its response to surgical removal and adjuvant therapies \[[@B42-nanomaterials-08-00202]\]. Nowadays, MRI is a powerful tumor imaging modality of liver cancer diagnosis, but its sensitivity is still lacking when applied to molecule and cell imaging for early detection. Therefore, the development of early diagnosis methods for liver cancer is critical. As is known to many, magnetic nanoparticles can create microscopic field gradients in a strong magnetic field, thereby shortening the longitudinal (*T*~1~) or transverse relaxation times (*T*~2~) of nearby nuclei and highlighting the areas \[[@B43-nanomaterials-08-00202]\]. Magnetic nanoparticles, particularly iron-oxide nanoparticles, can be used in liver imaging and cell tracking. Glycosaminoglycan-targeted superparamagnetic iron-oxide nanoparticles (SPIONs) can be applied in MRI to track human hepatocellular liver carcinoma (HepG2) cells \[[@B44-nanomaterials-08-00202]\]. A multifunctional fluorescent magnetic nanoparticles matrix could identify lung cancer stem cells specifically and be used for tumor xenograft imaging, which is a cancer diagnostic agent that functions through modifying diverse fluorescence dyes and targeting ligands \[[@B45-nanomaterials-08-00202]\]. Moreover, taking advantage of a cancer-targeting ligand folate and NIR fluorescent dye Cy5.5, Yang et al. built cross-linked magnetic nanoparticles for cancer-targeted dual optical/magnetic resonance imaging with good biocompatibility and biodegradability. The results in vitro and in vivo demonstrated the potential utility of Cy5.5- and folate-conjugated magnetic nanoparticles as dual-imaging probes for specific cancer-targeted MR/NIR imaging applications \[[@B46-nanomaterials-08-00202]\]. Multimodal imaging methods provide an efficient way to overcome the weakness of a single imaging modality \[[@B47-nanomaterials-08-00202]\].

3. Multiple Ways with Nanoparticles for Treatment of the Three Common Cancers {#sec3-nanomaterials-08-00202}
=============================================================================

In real organ cancer, surgical resection is common, but not necessarily the best solution, and it is needed to prevent the spread and metastasis of cancer cells. The tumor microenvironment is attracting more and more researchers' attention in recent years, and it is distinct from normal tissues. For example, hypoxia \[[@B48-nanomaterials-08-00202]\], the blocking of lymphatic drainage \[[@B49-nanomaterials-08-00202]\], and tumor-infiltrating lymphocytes production give tumor tissues unique physical and chemical properties \[[@B50-nanomaterials-08-00202],[@B51-nanomaterials-08-00202]\]. Targeted nanoparticles based on the unique physicochemical properties of the tumor microenvironment have been extensively researched for the therapy of cancers.

3.1. Inhibition of Cancer Migration by Increasing the Nuclear Membrane Stiffness of Cancer Cells {#sec3dot1-nanomaterials-08-00202}
------------------------------------------------------------------------------------------------

As a tumor grows, cancer cells are often able to metastasize and spread to nearby tissues and even distant organs, such as the lungs, liver, and brain \[[@B52-nanomaterials-08-00202]\], It is worthwhile to slow cancer cell migration and invasion, because nuclear stiffness of the cell can decrease cell migration to a large extent. Gold nanoparticles were modified with three ligands containing methoxy-polyethylene glycol thiol (PEG), RGD (RGDRGDRGDRGDPGC) peptides, and nuclear localization signal (NLS, CGGGPKKKRKVGG) peptides, and the targeting gold nanoparticles were absorbed by the nuclear membrane of the cancer cell and stimulated the overexpression of lamin A/C proteins as well. As a result, the nuclear stiffness of the cancer cell was increased and it could not effectively spread \[[@B53-nanomaterials-08-00202]\]. In addition, further investigation of binding kinetics with the cell membrane is ponderable. Thus, effectively restricting the spread of cancer cells deserves our attention because it will give doctors and patients more time to fight.

3.2. Immunotherapy {#sec3dot2-nanomaterials-08-00202}
------------------

In patients with tumors, it is difficult to produce an effective immune response for their reduced immunogenicity. Vaccines have great potential in cancer immunotherapy because of their ability to cause a specific, strong, and persistent immune response, but a fatal drawback of cancer vaccines is their low immune-stimulating capacity \[[@B54-nanomaterials-08-00202]\]. Gold nanoparticles can be a good vaccine vector due to their suitable payload \[[@B55-nanomaterials-08-00202]\], low immunogenicity, and biocompatibility. Simultaneously, for gold nanoparticle-based vaccines, the size is a critical factor for inducing immune responses. In order to discover the optimal size, a series of studies were conducted, such as delivery efficiency, restimulation assay, and tumor-prevention studies. Eventually, their results suggested that the size threshold of gold nanoparticle-based vaccines was between 10 and 22 nm \[[@B56-nanomaterials-08-00202]\]. In addition, immunotherapy using gold nanoparticles can be an adjuvant treatment to surgery \[[@B57-nanomaterials-08-00202]\].

Dendritic cells are a class of antigen-presenting cells with high efficiency, and suppressor of cytokine signaling 2 (SOCS2) was found to be a critical factor for tumor-immune surveillance in dendritic cells \[[@B58-nanomaterials-08-00202]\]. Besides this, a high-density peptide gold nanoparticle can stimulate cytotoxic T lymphocytes better than free peptides and dendritic cells uptake with minimal toxicity \[[@B59-nanomaterials-08-00202]\]. Adoptive immunotherapy (AIT) is also a strategy for cancer treatment, and the enrichment and expansion of tumor-specific T cells has progressed with an iron-Dextran nanoparticle \[[@B60-nanomaterials-08-00202]\]. This also gives insight into other cancers.

3.3. Photothermal Therapy and Magnetic Hyperthermia {#sec3dot3-nanomaterials-08-00202}
---------------------------------------------------

As is known to many, light/magnet-induced heat, such as photothermal therapy (PTT) and magnetic hyperthermia, is a way to treat cancer. Triple-negative breast cancer is a kind of breast cancer without the routinely targeted ER, PR, and HER2 expression, and it represents an important clinical challenge because these cancers do not respond to endocrine therapy or other available targeted agents \[[@B61-nanomaterials-08-00202]\]. In view of our knowledge and understanding of the tumor microenvironment, Sethi et al. have structured a three-dimensional (3D) co-culture system which consists of mCherry fluorescent-protein-expressing 4T1 tumor cells, green fluorescence protein (GFP)-expressing C166 endothelial cells, and murine embryonic fibroblasts \[[@B62-nanomaterials-08-00202]\]. With the existence of an alternating magnetic field, a high concentration of magnetic nanoparticles (about 1 mg/mL) showed enhanced cell killing, indicating the potential in thermal therapy for secondary lung malignancies \[[@B63-nanomaterials-08-00202]\]. Epidermal growth factor receptor (EGFR) overexpression is a general phenomenon in non-small cell lung cancer patients, and it is convenient to utilize nanoparticles-containing inhalable aerosols for lung cancer therapy through the gas exchange of the lungs \[[@B64-nanomaterials-08-00202]\]. In order to address inadequate delivery and non-targeted delivery, EGFR-targeted and inhalable SPIONs for the magnetic hyperthermia of non-small cell lung cancer have been prepared. The results suggested that EGFR targeting strengthened tumor retention of SPIONs in the lung. Further, magnetic hyperthermia treatment using targeted SPIONs led to significant inhibition of lung tumor growth in vivo \[[@B65-nanomaterials-08-00202]\].

PTT is a way of treating various kinds of cancer, which mainly relies on the principle of converting light energy into thermal energy. The liquid exfoliation method was used to produce antimonene quantum dots, which were then modified with PEG. They showed a photothermal conversion efficacy of 45.5%, and demonstrated notable NIR-induced tumor ablation ability in MCF-7 tumor-bearing mice \[[@B18-nanomaterials-08-00202]\]. Magnetofluorescent carbon quantum dots have also attracted significant attention in biomedical studies due to their major role in cancer photothermal therapeutics.

3.4. Synergistic Therapy {#sec3dot4-nanomaterials-08-00202}
------------------------

Quantum dots have a wide range of applications because of their exceptional optical and electronic properties, and further surface functionalization is necessary for the treatment of cancer \[[@B66-nanomaterials-08-00202]\]. Zhang and Pan et al. synthesized magnetofluorescent carbon quantum dots such as the Fe-crosslinked chitosan complex FeN\@CQDs with intrinsic photoluminescent and magnetic properties, conjugated with folic acid and riboflavin for targeting and PTT, and doxorubicin was further incorporated into the system to enable targeted drug delivery. The data suggested that the system can deliver the anti-cancer drug doxorubicin to target cells, release them intracellularly upon NIR irradiation, and effectively eliminate tumors through a chemo-photo synergistic therapeutic effect in a malignant liver tumor model with female nude mice \[[@B67-nanomaterials-08-00202]\]. In addition, quantum dots are an ideal cancer surgeon's latest tool because of their relatively slow migration and their ability to maintain fluorescence for longer \[[@B68-nanomaterials-08-00202]\].

When magnetic nanoparticles are put inside a tumor and the whole patient is placed in an alternating magnetic field, the tumor temperature will rise. The elevation of the temperature may enhance tumor oxygenation and radio- and chemosensitivity, which hopefully shrinks tumors. In the presence of alternating electromagnetic fields, iron oxide-based magnetic nanoparticles produce heat by Brownian and Néel relaxation \[[@B69-nanomaterials-08-00202]\]. In order to achieve the dual effect of drug and hyperthermia, one first uses a permanent magnetic field for tumor targeting and drug release, then uses an alternating magnetic field for hyperthermia ([Figure 2](#nanomaterials-08-00202-f002){ref-type="fig"}). Besides this, nanoparticles with a hydrodynamic diameter (approximately 20--200 nm) can be applied for long-term circulation \[[@B70-nanomaterials-08-00202]\].

By contrast, gold nanoparticles in treatment are mainly relied on for their easy surface modification and photothermal conversion efficacy, and gold nanoparticles in diagnosis usually use their excellent optical performance. Gold nanoparticles have been widely used for the delivery of photosensitizers for the photodynamic therapy (PDT) of cancer \[[@B71-nanomaterials-08-00202]\].

3.5. Potential Combination with Nanoparticles of Cancer Treatment {#sec3dot5-nanomaterials-08-00202}
-----------------------------------------------------------------

In contrast to conventional cytotoxic chemotherapy, targeted cancer therapies possess specific anticancer effects and less toxicity. In general, the drug is designed to attack a certain molecular agent or pathway involved in the development of cancer \[[@B72-nanomaterials-08-00202]\]. Targeted drugs can achieve the following goals: block or turn off chemical signals, stop making new blood vessels, and trigger the body's immune system \[[@B73-nanomaterials-08-00202]\]. Some drugs have been approved by the U.S. Food and Drug Administration for cancer-targeted therapy ([Table 2](#nanomaterials-08-00202-t002){ref-type="table"}), but they are used with other treatments, such as surgery and chemotherapy in most cases. Some drugs are not well-targeted, for instance, Nivolumab (Opdivo^®^) can treat colorectal cancer, non-small cell lung cancer, and renal cell carcinoma. On account of a controlled release \[[@B74-nanomaterials-08-00202]\] improving the stability of drug molecules and increasing drug solubility in vivo \[[@B75-nanomaterials-08-00202]\], nanoparticle-based carriers have obvious advantages for targeted cancer therapy. Combined with the pharmacological effects of drugs and the advantages of nanoparticles-based carriers, it would make sense to slow the development of drug resistance \[[@B76-nanomaterials-08-00202]\]. Moreover, the chemical elements, molar mass, and 3D models of these drugs provide ideas for the design of new drugs and better nanosystems.

Gene mutations are closely linked to the occurrence of cancer. As a crucial tumor suppressor, p53 controls cell cycle checkpoints and allows cells to repair damaged DNA or induce an apoptosis gene, and many tumors are related to their mutations \[[@B78-nanomaterials-08-00202]\]. Importantly, the 2017 Nobel Prize winners in physiology or medicine have found that the *period* gene, *timeless* gene, and *doubletime* gene play a significant role in the regulation of circadian rhythms, and interference with the relevant genes may contribute to the treatment of cancer.

4. Theranostic Nanoplatforms of the Three Common Cancers {#sec4-nanomaterials-08-00202}
========================================================

In clinical practice, diagnosis and treatment are usually separated. However, the integration of diagnosis and treatment, which is called a theranostic, may be useful for cancer. Theranostics are specific targeted therapies based on targeted diagnostic tests. By designing and synthesizing specific nanomaterials with nanoparticles, theranostics can not only be used for the early diagnosis of cancer and simultaneous treatment, but also for monitoring the efficacy of the treatment process and adjusting it over time to achieve better treatment and a reduction in side-effects \[[@B79-nanomaterials-08-00202]\]. Furthermore, theranostics will have great prospects in personalized medicine in terms of factors such as age, gender, and severity of disease for better diagnostic and therapeutic effects \[[@B80-nanomaterials-08-00202]\].

4.1. Functionalized Superparamagnetic Iron Oxide {#sec4dot1-nanomaterials-08-00202}
------------------------------------------------

Magnetic nanoparticles have many forms, of which SPIONs is a typical representative. SPIONs are constituted of an iron-oxide core and coated with a layer of stable compounds \[[@B81-nanomaterials-08-00202]\]. Magnetic-resonance-guided focused ultrasound surgery (MRgFUS) can provide real-time and three-dimensional imaging, but with a low efficiency of ultrasonic energy deposition and relative insensitivity of MRI at the present stage. Wang et al. developed a nanosized theranostic superparamagnetic iron oxide nanoplatform for a clinical MRgFUS system. These SPIONs coated with PEG were further decorated with high affinity antiEGFR monoclonal antibody (Cetuximab). The results confirmed that it can improve the MRI contrast at the tumor site and enhance ultrasonic energy deposition in MRgFUS in nude rat models bearing H460 lung cancer xenografts \[[@B23-nanomaterials-08-00202]\]. Moreover, 54 peptide-functionalized poly (lactic-*co*-glycolic acid)-grafted dextran micelles have been synthesized, which were encapsulated by the model anti-tumor drug doxorubicin and SPIO. According to the data, it was found that the anti-tumor drug can be targeted for delivery to liver cancer cells, and compared with the same drug without SPIO, the drug efficacy is significantly enhanced and with better MRI \[[@B82-nanomaterials-08-00202]\]. Besides this, hyaluronan (HA)-SPIONs exhibited an exquisite ability for targeted MRI and to have highly effective PTT induced by near-infrared laser irradiation for CD44 HA receptors highly expressing breast cancer in both in vitro and in vivo studies \[[@B19-nanomaterials-08-00202]\]. As magnetic nanoparticles, they can be degraded to Fe ions in the body, which mitigates the potential toxicity \[[@B83-nanomaterials-08-00202]\].

To prepare antibody-conjugated nanoparticles, controllability, stability, and reliability need to be considered \[[@B84-nanomaterials-08-00202]\]. The anticancer drug trastuzumab (Herceptin^®^) is a kind of monoclonal antibody that targets a certain protein, HER2, which is located in the surface of some cancer cells. An iron-oxide nanoparticle and doxorubicin-loaded nanocarrier with trastuzumab has been prepared for studying its imaging and treatment of cancer. Based on the results of cellular uptake in vitro and in a tumor xenograft model with SK-BR-3 cells in vivo, it illuminated the potential for early stage cancer diagnosis and simultaneous therapy \[[@B21-nanomaterials-08-00202]\]. A suitable molecular mass and average size of monoclonal antibodies need to be considered when designing nanosystems. In addition, a conceptual nanoparticle with a silica-coated iron-oxide magnetic core was also designed as a valuable theranostic for diagnostic imaging and drug delivery systems \[[@B85-nanomaterials-08-00202]\].

4.2. Gold Nanoparticles as a Theranostic Application {#sec4dot2-nanomaterials-08-00202}
----------------------------------------------------

Gold nanoparticles have been extensively used in medicine due their unique properties, such as easy surface modification, photothermal conversion effect, and high X-ray absorption coefficient \[[@B86-nanomaterials-08-00202],[@B87-nanomaterials-08-00202]\]. With their high X-ray absorption coefficient, gold nanoparticles have been used as an imaging agent or a radiosensitizer for the diagnosis of cancer \[[@B88-nanomaterials-08-00202],[@B89-nanomaterials-08-00202]\].

After absorbing energy, part of the energy is emitted as scattered light for imaging, and the remaining energy is attenuated in a nonradiative form and converted to heat as a target ablation of the tumor tissue, which is the mechanism of gold nanoparticles used in a theranostic \[[@B90-nanomaterials-08-00202]\]. The size of gold nanoparticles usually affects the CT contrast and radiosensitization effects, so adjusting their sizes is a requirement. Dou et al. found that gold nanoparticles with a size of \~13 nm could simultaneously possess superior CT contrast ability and significant radioactive disruption, and the Monte Carlo method indicated that the inhomogeneity of gold atom distributions caused by sizes may influence secondary ionization in whole X-ray interactions, which may serve as multifunctional adjuvants for a clinical X-ray theranostic application \[[@B91-nanomaterials-08-00202]\]. Besides this, Deng and Zhang et al. used 14-nm gold nanoparticles as building blocks for self-assembly, which were anchored by thiolated hydrophobic poly (ε-caprolactone) (PCL) and hydrophilic poly 2-(2-methoxyethoxy) ethyl methacrylate (PMEO~2~MA), showing the possibility for their use as theranostic agents ([Scheme 1](#nanomaterials-08-00202-sch001){ref-type="scheme"}) \[[@B92-nanomaterials-08-00202]\].

In addition, a gold nanoparticle probe has been developed and evaluated for human telomeres. The results indicated that the average diameter of telomeres was about 180 nm \[[@B93-nanomaterials-08-00202]\], and it is possible to investigate the telomeres of cancer cells for understanding basic biological processes and searching for more efficient methods for the early diagnosis and treatment of cancers. Besides this, photo-medical techniques with NIR excitation sources can be achieved for cancer theranostics \[[@B94-nanomaterials-08-00202]\].

5. Conclusions {#sec5-nanomaterials-08-00202}
==============

At present, many breakthroughs have been achieved in the development of nanoparticles for the early diagnosis and treatment of cancers. Tumor-associated antigens and tumor-specific antigens have been further researched and developed for cancer prevention \[[@B95-nanomaterials-08-00202]\]. However, most of these studies are just in their infancy, and focus on different cancer cell lines and xenograft models. For tumor targeting and imaging of nanoparticles, their clearance pathways mainly contain renal clearance and a hepatic route that is relative to the size, shape, and surface properties of the nanoparticles \[[@B96-nanomaterials-08-00202]\]. Simultaneously, nanoparticles can improve the early diagnosis and treatment of cancer, but it is crucial to understand how the nanoparticles distribute in tumors, are removed from normal tissues, and are eventually excreted from the body. Finally, it may be a viable approach to design and utilize novel nanoparticles as anticancer weapon in the future through molecular biological techniques, nanomedicine, bioinformatics principles, and big data science. For example, a nanosensor chip could be located within a cell phone case, and it is thought that a person would just breathe on the cell phone's housing. The nanosensor could be used as a completely non-invasive diagnosis and measurement method. On the basis of the correlation between nitrous oxide and lung cancer, scientists have already trained dogs to accomplish this diagnostic task, but the nanosensor possesses a special "nose" for "sniffing out cancer". Scientists and technologists believe that the health applications are endless with this new nanosensor.
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![The top five ranking of the most common cancer deaths across the world from the World Health Organization's report in 2015 \[[@B1-nanomaterials-08-00202]\].](nanomaterials-08-00202-g001){#nanomaterials-08-00202-f001}

![Schematic diagrams of a drug-loaded magnetic nanoparticle (MNP) with tumor targeting, hyperthermia, and long-term circulation. AMF: alternating magnetic field; PMF: permanent magnetic field.](nanomaterials-08-00202-g002){#nanomaterials-08-00202-f002}

![Schematic representation of assemblies composed by poly (ε-caprolactone) and hydrophilic poly 2-(2-methoxyethoxy) ethyl methacrylate-grafted Au nanoparticles (AuNPs) and their potential application in photothermal therapy and computed tomography (CT) imaging of cancer. Reproduced with permission \[[@B92-nanomaterials-08-00202]\], Ivyspring International Publisher, 2014. NIR: near infrared.](nanomaterials-08-00202-sch001){#nanomaterials-08-00202-sch001}

nanomaterials-08-00202-t001_Table 1

###### 

Common cell lines of the three cancers from preclinical research.

  Cancer       Cell Lines         Biomarkers   Tumorigenic   Nanoplatform                        Refrence
  ------------ ------------------ ------------ ------------- ----------------------------------- -----------------------------------
  Breast       MCF-7              ER, PR       Nude mice     QDs                                 \[[@B18-nanomaterials-08-00202]\]
  MDA-MB-231   CD44 HA receptor   Nude mice    SPIONs        \[[@B19-nanomaterials-08-00202]\]   
  T-47D        ER, PR             Nude mice    \-            \[[@B20-nanomaterials-08-00202]\]   
  SK-BR-3      HER2               Nude mice    IONPs         \[[@B21-nanomaterials-08-00202]\]   
  Lung         A549               CD90, HPRT   Nude mice     \-                                  \[[@B22-nanomaterials-08-00202]\]
  NCI-H460     HPRT               Nude mice    IONPs         \[[@B23-nanomaterials-08-00202]\]   
  SK-MES-1     CD24               Nude mice    \-            \[[@B24-nanomaterials-08-00202]\]   
  Liver        Hep G2             CD90, CD44   \-            \-                                  \-
  Huh7         CD133              Mice         \-            \[[@B25-nanomaterials-08-00202]\]   

ER, estrogen receptor; PR, progesterone receptor; HA, hyaluronan; HPRT, hypoxanthine-guanine phosphoribosyltransferase; IONPs, iron-oxide nanoparticles; SPIONs, superparamagnetic iron-oxide nanoparticles; QDs, quantum dots.

nanomaterials-08-00202-t002_Table 2

###### 

Targeted drug therapies that have been approved by the U.S. Food and Drug Administration. Data from the National Cancer Institute \[[@B77-nanomaterials-08-00202]\].

  Cancer                          Targeted Drug Therapies       Molar Mass (g/mol)                   Chemical Formula                     Target
  ------------------------------- ----------------------------- ------------------------------------ ------------------------------------ --------
  Breast                          Everolimus (Afinitor^®^)      958.224                              C~53~H~83~NO~14~                     \-
  Toremifene (Fareston^®^)        405.959                       C~26~H~28~ClNO                       \-                                   
  Trastuzumab (Herceptin^®^) \*   145,531.5                     C~6470~H~10012~N~1726~O~2013~S~42~   HER2/neu                             
  Anastrozole (Arimidex^®^)       293.366                       C~17~H~19~N~5~                       \-                                   
  Lapatinib (Tykerb^®^)           581.058                       C~29~H~26~ClFN~4~O~4~S               \-                                   
  Lung                            Bevacizumab (Avastin^®^) \*   149,196.82                           C~6638~H~10160~N~1720~O~2108~S~44~   VEGF-A
  Crizotinib (Xalkori^®^)         450.337                       C~21~H~22~Cl~2~FN~5~O                \-                                   
  Erlotinib (Tarceva^®^)          393.436                       C~22~H~23~N~3~O~4~                   \-                                   
  Nivolumab (Opdivo^®^) \*        143,600                       C~6362~H~9862~N~1712~O~1995~S~42~    PD-1                                 
  Liver                           Sorafenib (Nexavar^®^)        464.825                              C~21~H~16~ClF~3~N~4~O~3~             \-
  Regorafenib (Stivarga^®^)       482.82                        C~21~H~17~ClF~4~N~4~O~4~             \-                                   

\* Monoclonal antibody.
